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.
refix Lo report on "An "xarination of
the OSneciral Tnerey Dstriootior $n the VASA
o S Ounuiotors?

I connection with the attichoed rejort by the “ppley Laboratory, Inc,, as
‘

submittad to IMSA Tewis Rerearch Certer a’ Clrveland, Ohic, the ol owing
pertinent poirts are notnd which allect analrsis of the final reporied
results.

L. The epectral dis®ribuiicon «f the carbon electrode chosen by
opley Laboratory as the aosurned sowrce reflerence disiriouiion
vas rot the one oroauced L the actial conditions of operation,
The IR3 eolor simiictor usrs a 13.6rm hi-intensity positive
clectrode barning at 2CC ~rnares, wrile the EPRBY and the I2L

tors emnloy Ullrex csitive elcctrodes operating at a

current density o. 2w or os/owm .

0N
°

™.,
10

5

-

o socctral distribaticr lottod in “he report {Ficure 2)
ac.ualiy a comnon Loodin v 2h o wie fiasl results for each of the
thoes simadators ore averooad bosethor,

e The oreasuroments o oere mads over ¢ vweciod of several days under .

28 than ideal condftionr,  {lovoves, o duplicats set of ihe

inatruaents ased by Ibpler Laborators has been nurchased nnd

Se owwoeota s shorioy. TR0 certer will then have the capnbility

Of recentins fheco measts onls Ldder more controlled conditions.

anc comparing the results obtained with simultaneosus measurements

2s ng dispersion-iyne instriomonis,)

;
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Za

A1l thermopiles were callbrated bsfore and after the

program, at llewport, over the range of intensziiy Lhvelwveld anc in
vacuum g2s well as in alr. Tho transmission of the filiers was

cnecked on return Lo Newport., The calibration e¢f the fthermopills

readout instrumentation emplovsd (viz, Laads and Novihrup L.0

indicating thermeccoupis amplifier medel 9835, L. and N. recording

millivolt potent eter moedal E wiith varliahls ¢ Duklicon
™ portable potentiometer) wes werifiscd during The measurement period.

One of the %“wo filter wheel asgemblies (series (a) fil-
ters) was provided with mesnsg for sutomatizc sslsction of the fil-
ters through remote control; in this way, 1t was possible to re-
veat the most significant portion of the filter exemlination satv
reauced pressures,

As an additional check of the constancy of radignt
rlux density, at the measuvrement location, in the large EPRB simu-

lator, as operated both in eilr and evacuatec, = harmetic&lly seal-

3

ea selenium barrier-laver phoboelectiric c2ll, fitted with a boend-
pass filter (lsoleting = narrow spectrel region arcund 650 my),
was incorporeted into she racliation sensing equipment.

2. THLRVOPILE CONSTA

‘ Sensitivity (20-25°C): mv per mw cm~2
ctral flux
v

Total flux Broad Nzrrow band

=y _'__:___“9’/56 {‘“f;:I‘ {.}a 2{3(3 i 0.25?
{Clrcular, 1l6-junction vacuum - 0.690 - 0.780C

vicomutn-silver, lamp-
vlaci receiver, wabter-
jacxetea)
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(&)
~

c)

3.

Sensisivity {80m250

;

Yoo mv per mw em~?
sctral Tlux
Totel flux PBroad benéd Nerrow band

‘e ;l;‘J C-.Z.n 09;'\:)8 Qvlbé Oolbo
ircular, ©-junction vacuum o - -
foet snucin- f‘l.A.VeI' > laﬂlp"’"
black receiver, water-
jacseted)
e WElo air 0.079 0,074 0.071
(Circular, 12-junction vacuum - - 0,147
conpur-constantan,
lampolack receilver,
ter-jacketed)
~. 53060 air 0.088 0.087 0.085
(Circular, 8-junction vacuum - 0.2L5 -
bigmutn-silver, lemp-
blacik receliver, tem-
perature compensated)

N.B. Although the filters designated UG 11 and 300+ are essen-

tlally ol the broad bend type, isoletirg practlcally tne waole of

(‘r‘a

the UV emission from a carbon-arc source {ges next ssction), the
vrensmitted energies are so low that the narrow band thermopile
sensltivities are the appropriate ones,

All calibratilons were made with a crystal quertz win-

uuw ln position as this was the manner c¢f operation.

3o TmneyOPILE WINDOWS

Suio ZR0AD BANDPASS FILTLRS

A{1) crystal quertz: uniform transmittance 250-300C mu
(2) pyrex glass: center of lower cutoff 295 mu, transmisaion in

peneral similar to quartsz

b

—
~

senott WG 7 glass: center of lower cutoff 300 mu, transmission

general simllar to quaritz and vyrex %o 2700 mu
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3.

oo KR S S . "l AU . o
SENSLGIVILY | 2(3*?}‘@{‘ o mMV oDar mw o om 2
m T
spactral flux

Totel flwe PBroad band Narrow band

) . S1E0 iy 0,168 2..66 C.1h0
‘Circular, ©-juncticn vacuum - - -
:ismutﬁ—3¢;v er, lamp-
bplack recelver, water-
jacsetea)

C ) ___‘__)-L‘;/ ‘:‘)_ B.ir‘ O.Q?g C}c O?’t.!‘ Oa O?l
(Circular, 12-junction racuum - - 0.21h7
copper-constanten,

/1deJ4uCK recelver,
~ iter-jacketed)
(a) L. 536k ailr 0.088 0.087 0.085
i* ular, 8-junction vacuum - C.2L45 -

{(C

blgmutii-silver, lamp-
olacz receliver, tem-

perature compensated)

N.BE. Although the filters designated UG 1l and 300+ are essen-

tially ol the broed band type. isol 1y tone wnole of

iy

™
cr
iy

49

irg practlcal
the UV emission from a carbon-arc source {see next ssction), the
trancnitted energies are so low that the narrow band thermopile
sensitivities are the appropriate ones.

All calibir-.ions were made with a crystal quertz win-

wow in position as this was the manner of operation.

CnnVOPILE JINDOWS

a2

AU ZROAD BANDPASS FILTARS

Zil) crystal quertz: wniform transmittance 250-3000 mu
(2) pyrex glass: center of lower cutoff 295 mi, trensmisaion in
general similar fo quartz
(Z) lcactt WG 7 glags: center of lowsr cutoff 300 mu, transmiss;on

in general similar to quartz and pyrex Ho 2700 mu
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o
(i) Secnott UG 11 glass: Dbandpass 270-380 my, maximum transmite-

tance (0.68) at 335 mu, filter factor 2.30

(o) ~etallic 200+: wancpass 300-380 mit, maximum trsnsmittance
at 340 end 370 mgy filter factor 5.00

{v) senott OG L ploss: center of lower cutoff 535 mi, filter

A

(7, wcnott ®G 8 glass: center of lower cutoff 700 mu, filter
racter 1.10
T (6) wecallic 780+ bandpass 780-2700 mu, average maximum trans-
mittance (0.75) 800-2000 mu, filter factor 1.40

4. ¥ARROW BANDPASS FILTHRS

~avelength limits (mjr) Reference wavelength (mi) Filter ractor

301) 260- 330 290 9.90
(2} 260- 370 320 8.80
{3) 335- 305 360 6.05

N (L) 375- 430 1400 3.70
(%) 420~ 520 1,60 2.80
() 500~ 610 55 2.140
(7) 565- 690 645 3.65
(S) 680~ 520 740 1.00
() 770-1000 900 3.90

(10)  1050-1300 1160 . L. 60

(11) 1250-1850 1550 3.05

(12) 1750-2500 2100 3.75
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5.

__auvelenoth iimits (mu) Reference wavelenpgth [ml) Filter factor
Ih8 315- 260 30 10.0

(2) 325~ 365 35¢ 3.65

(3) 350- 120 365 3.00

(L) L,05- 515 1,50 2.60

(5) 505- 629 550 2.35

(o) 600~ 710 650 2.50

(7) 1350-1750 1550 2.55

(8) 1800-2200 2000 3.25

“he narrow bandpass filters were mounted in fillter wheels: the
tnerzocile winaows and the broad bpandpass Lilters were mounted,
iraividually, in slldes.

5. PILTST DEFININTCUS

As is inaicated above two types of filter were enm-

oyea in the investigation, viz. droad and narrow panapass spec-
imens.  Ine respective wavelengtn regions lsolated by the various
Siiters are tasulatec, In tne case of the narrow bandpass filters,
oo 1imits given Tor thie particular "bandpass" reler to the wave-
~enoting at windel the transmiittance is about 1-2 per cent; thus the
LALCGPass Oor Doncwiann s Loe wavelength intervel over wnlica tae
Tister transmittance excecds this taresaold figure, with the con-
«ition tnat there is no significent (i.e. exceeaing about 1 per
cent in seneral) secoadary transmission within the spectral re-
.

clon ci otnie source (In this instance 250-3000 mu). For reasons

+

ol qesi oaatlon oi tne rilter banapass, an entry "reference wave-
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O
leoagth has been included in the narrow bandpass filter tadbles.
Sals value is approximately the center of the band and would be
crectly so if toe filter transmission was always symmetrical

acout tne position of maximuw transmistance; in point o1 Facs,
ne value adoptea here for the reference wavelength 1s Tne cen-
cer ol rravity ol tne dand.

Witn recara tc tne broad banapass Iilters, Tores
types were employed, viz. (a) rilters isclating regioﬁs approxi-

rating the total ultra-violet spectrw: as emitited by & csrdon-arc
) i od R

o

scurce (actually 270-380 mp and 300-380 me), (b) a £ilter isolat-

ing a region aepproximating the total infra-red spectrum es emitted

3z

b7 the arc (actually 780-2700 me) and (¢} filters with lcwer sharp
cutoiT at &35 and 700 m: (these wavelsngths indicate the position
wnere tne transr.issicn 1s half that ol the main band).

Three thermopile windows, viz. quartz, pyrex and WG 7
slass, were included orimarily for the purpose of assessing UV
radisztion below about 300 mit and iniri-rec ravleblon apove about
2500 mu,

LR \ N T T IR e N SV A
sion propertiss ol the Ifillters and winuow

The tran
raterials are reproduced in the appeaied spectropnotometric chnarts.

Insoection of thnese records will clarilly sucn Terms as benapass,

o

<.

rilter limits, center of lower cutcff, averape maximum transmit-
tance ana reference wavelength (formerly designatea central trans-
s.lssion).

As is stated above, the teransmigsion of all the £fil-
ters L5560 was re-debermined, at Newport; no significant caanges

WeIre CUZErVEd.
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i e ek , P P wrpes
L filter Toctor may be defined as that coel

N T P P . domay A c R R ST
ONLLCO & AlATer-spceTroradiomever ouupue must be muLiTip.lled An

orucr to obtain thet value wolcn would nave Deen ovtained, 1or a

shecitic spectral region ol the incident radiation, 11 tinat re-

)

cion coula nave been tested witcoubt using a I'ilter. Yals corre-

spcnads ©o tne reciprocal of the filter factor as defined by

. : X - . ‘ : N s e . 1"
e e e - i : oy Ml o gt i Tnar Y Sadiant snierTion s
LOorsyeie ( Ld. Oy wW. 4. OISy lic, SMEESUTenenT 0L &L a8l0 SLaelEy .

“celraw-1ill ook Company, 1937, op. 100-103).

The desired figure is evaluated tanrough consideration’
¢l tne spectral curves of the source, rilter and detector. The
oLoervea actector value, Oy, 1is given by

2

o = | T )T s (1)
1
() is the spectral irradiance at the measurement plane,
{(*) is thne transmittance of thne filter, and
3(?) is tnce spectral sensitivity ol tne aetector.
o Mtrues" reaaing, viz. that representative ol the radiation

intensity at the 1ront surlace oi the ilter, would obviously be

A o

fs wpuley rediometers (well blacxenea snermopile detectors) es-
serntially oxnibit uniform response, wish regard to the wavelengin
i the Inclaent eonergy, over the solar spectral emission reglon

r<l re - ioa Sovelvec in colar simulating systems),

ct

Cl.w U.i& 8DuC

. .
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cory, 1oy rilter scacsurenents with these ingsvruments L3 Taen
2 N
. (22 g(2)en
N . _ \)u _ s Lo N
Fp o= = (3)
YL o

e wotal eneryly conbtained in tne particular band is the product
o1 thne cebector TCuGlng, convoerted (tarcugn its sencitlvity con-
stunt) to raclant flux density, and this filter Lractor.

Tt will be seen that the simplest case 1s tiné oneé for
S~
!

. N 3

wolcn {7} is constant or practically =0 (as occurs 1n ths maln
cranseission region of lower sharp cutcff filters). Here, the

Tilter iactor is merely the reciprocal of tne (average) transmit-

Lxeninabion ol eguation (3. shows that in order to obD-

coin oho Iilter lactor, in Instunceés ecepting the above-mentioned
sirnle case, BONC owleape ls necessary of tne speclral erlssion
couTTe 0. L@ Sourtu. LCNCY, 14 sucn evalunuions, an assuned Ccurve
DooeG apon tne Anovo crisalion cnaracteristics ol the tyne of source

asion nas Lo be adopted. e two mebnocs commonly

e T e T I T A LA S T - S - 3
CmLLoY el TO cvaluate Tnég more COMDLEX LYLe On ri-tb I acLer are

{a) planimeter grapnical integration or numerical integration

upilizine a compuber and {(p) point-by-voint anaiysis. In tne
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e - PSR AP R a N RPN - - \\ w g e ey S " By - S
Lanscoratory for such spectral stucies) witnin the resion of the

TLITer Lransniiltianco oand

[y Wit e = + ‘\'A. ode
DR ¢ J - - .
o= .~ . s P
21 I r1 ot Ay Mg A3 T A3t . ..

Py
[

}~!

tnls metaoa tne scurce curve is gencrally normalized to the
o nishest value in each rilter region, in turn.
Should tiie spectral characteristics of tne measured
scurce alffer substantially from thoss adopted as the basis on

woicnh to evaluate the filter factors (e.g. throurn markec modi-

<&

[

iz

:ation by a conplex intervening optlcal system) it may be de-

}_‘-

cirable to repeat the Illter Iactor evaluatlon procedure several

<
!
£
@
o
-
@
e

aco time starting with the provicusly aerivec source

curve. ‘Lfals successive approximation technique is applicable to

DOUN SF metnods discusLec ancve.

In the Cleveland study, wilch is the subject ol this
Resort, the second o metnoa was employed and cone series ol oper-
ations only were carrled out, since L. was jua_ ed That tre meas-
urcew sources werce sulllceiently close in their spectral craracter-
iscics o tne assumea source relerence (viz, wational Carbon Com-
vony 13.0 mm carcon arc at 160 amperes - see Genarco leallet 310D)
to sermit rilter Iactor evaluations to be mace rellably witain the

Y~ 3 | S 2 B -l “a o o1 B I S s ey~ -~ B
cerxoorirental linitations of trhe general Iilver racliomebtric apprcach
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Coen carbon arc, operated &t the Iollowin average
LlWGT LeVEeLls:
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D) d 70 v i
!
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PR

.e. 15 XVA

AoUT cocn raclavion measursment serlesg, atvempis
Wol'e muds Lo renulate the arc lapubt power lor oest constancy of
\ :
ot roelabion oubtpul.
G. S nTLES (DT, 0)
(L) =23 2imulator
Threve thernoplle detectors were employed simu}tameous-
iv, viz. =. 5556, 51506 and 4816 in tie measurcment series (l.l)
ond L. 5556, 5304 ana LO0le in the sefies (1.2, 1.3 ana 1.4). The
ltucation ol thnece thnervcniles Ls indicatec In i, 1; thne receivers
wire mositicnea 6.5 incuaes above tie base plate or
DLLs LoalLlorir.  LonprUL meashal
Tre o noarc and

CILC i &

(?
)

tne instrument
were mode at
¢ oseries; Lne vo_ues

o]
s
T

civen velow are
centage ol tne

O ULl il

e el s

e cotal Ior any
plCIONOLY Tioures

o
GLI'lerences in
Y

A SR
Py

Tilter
e e
SUrG.

taken oL
vizy for total ana
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o
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B
N&i ("‘
o

o e

v 1.35 1.07 2.05 3.99 3.57 3.30 2.35 L.12 22.1
. 6.3 5.1 11.6 18.9 17.0 15.7 11.2 5.4
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Photocell resadout:

16.5+0.5 mv

12,
Narrow 3 (mean of two series) E. 5556
(1) (2) (3) (L) (5) (o) (7) 8y (9) (20) {11) .12) Toval
mv 1.05 2.07 1.87 3.87 6,79 7.00 7.3l €.61 7.19 4.93 6.56 3.81 37.7
5 2.8 5.5 5.0 10,3 18,0 18,6 19.5 17.5 19.0 L3.L 7.4 LO.1

(1.3) Repeat in vacuvum (top 10~4, bottom 107> torr) - walls at
normal amblient SonmIrasurs
Total flux BE.5556 1l mw em™é
1 TABLE IIT Speciral energy distribution in defined bands
\
| Broad A
E. 4816 E. 5384
5) (7)
mw em™2 9.1 77.5
% 6.3 53.8
Pnotocell readout: 16.5+0.5 mv
(1.l) Repeat in vacuum {top 1074, bottom 1077 torr) - walls ab
‘ 819 g . -213°r
Total rlux . 5556 145 mw cm~2
‘ TARLE IV Spectrsl snerpgy distribution in dafined bands
| . Broacd 4 {(meen of three series)
. h816 E. 538l
(=] (73
mw em-2 8,8 80.5
} % 5,2 55.5
| iiarrow B , 4. 5556
(1) (2) (3) () (5)y (o) (72 (8) (9) (30) (11) (12) Total
mv 2.78 5,82 5.37 11.5 19.9 21.0 22.2 20.C 22.5 15.9 21.9 12.0 100.1
w5 2.5 5,2 L.7 0.2 7.6 186 09,507,719 1.0 190 10.6
riotocell readout: 10,.5+0.5 mv
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One thermepile debector {viz. E. 533L) and three ser-

[
(o}
]
o]
=N
+
(&
=
ct
[
]
[49]
5
®
rj
[ty
®
’U
L..J
3
[}
Q;

Total flux B. 5284 1 mw em~2 {shis velue was Jound to

bs about § per cent lower than
that typicsl of the normal ex-
osure plene ol chis simulator
where the corresponding figure
would be 120 mw cm~< for the

source input power setting of

this measurement)

TABLL V Spectral energy distributicn in defined bands

Sroad A

(L) (6) (7) _ E. 5384

mv  0.585 7.45 5,65 10.0
i 6.1 0.5 S6. %

Jarrow B ' o \ .5304

(1)  (2) (3) (hy (5) (&) (7y (&) {9) (10) (311) (12)Total
mv 0.198 0.457 0.509 1.19 1.62 1,51 1.57 1.62 1.93 1.51 2.05 1.18 10.0
o 2.1 L.7 5.3 12.3 16.8 15,6 16.3 16.8 20.0 lj.o 21.2 12.2
Narrow C ‘ 5. 536l

(2) (32 (7) Totad

mv 0.437 1.03 L.l 10.0
e L.5 10.7 1.9
.B. A check with a pyrex window indicated that 1 per cernt of the

\

N

total emission was at wavelengths bslow 295 mi., Thig simulator
nas an arc source the oubput powsar of whicn is auvtomaticselly

. 5 3 B 3 ~ 7 s . P I R " ¥y 3 4 .
regulatsd oy o Sootocell gensor oroviding the means Yor adjust-

DA N PR L e
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l]—;l

L

tem, with respect o

N

ing the position of the condensser lens sy
tne exposure plane. The opportunity was btherefore taken to
test for tne »ossible introduction of gignificant caromatic
aberration &frects by this errapgement. A simple experiment
decided upon was that of compearing the retio of UV fto IR radi-
ation, in a fixed exposure plane, wlth tne condenser lens var-

ied over the whols of its normel movement. The resulifs of

this test are asz follows:
. .65

UL

it

(a) Lens near arc }682

s -

| W0
~J (0
i

(b) Lens in middle 079

s R |
N
iy

(¢c) Lens away from arc = ,080

o
i
=

Mean .080+1 %

The variation shown is within the uncontrollsd arc stabllity

{figure (+2 to 3 ver cent).

(3) LRB Simulator (air ambient)

One thermopile detector. (viz. =. 4816) and thres ser-

ies of filters wers employed.

Total flux o, L81é 131 mw cm~2

TARLe VI 3pectral energy distributloa in defined bands

froad A 2. 1816

7) Total

—~
T
Nt
~
o
—
o~

(L)

mv

0.652
7.1

5.60 10.3
L7 57.1
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15.
darrow B . . E. L8l6
(1) (2)  (3) (L) (5) (6) (73 (8) (9) (10)" (11) (12) ‘Total
oV 3.213 0.555 0.59L 2.2 1.69 1.9 .31 1.39 1.64 - 1.95 1.03 10.2
2. 6.1 6.5 12,2 18.4 16.3 1.3 35.2 17.9 - 21.3 11.2

Filter damsgec on removal from Simulator =PRB.

Larrow C : ) . 4816
(1) (2) (3 () (5) (6) (7) (&) Tosal

mv 0.6L0 C.570 1.37 1.89 1.67 1.21 1.22 0.565 10.2
% 7.0 6.2 15.0 22.6 16.2 13.2 33.0 5.2

-]

“.3. A check witn a pyrex window Indicated that there was nc
measurable radiation at wavelengihs below 300 mu.

N 9, RESULTS (SU¥MARIZiD)

TABLE VII Spectral energy distribution in defined broad bends (4)

'Percentage
Series No. (L4) (5) (6) (7) (8) Total
270 300
i 380 380 ¥535 »700 ¥760 mw em™2

SPRB 1.1 6.5 6.0 7.0 56.6 19.2 121
1.2 - 5.9 - 50.5 - 145

1.3 - 6.3 - 53.8 - Ly

1.4 - 0.1 - 55.5 - 145

Mean 6.5 6.1 7.0 E5.6 9.2 30

IRL 2 6.1  ~ 7li.5 50.5 - 11lh
wRB 3 © 7 L 6.2 T 8T.1L - 131
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TABLL VITI Spectral eneregy distribution in cdefined narrow bands (B)

Percentage
erfes Jdo.ily (25 (3) (L) (5) (&) (7) (58 «9) (20} (21) (212) loved
. 2oU 260 335 375 420 500 585 680 770 1050 1250 1750
rap 330 370 385 L30 520 610 690 820 1000 1300 1850 2500 mw cm=2
PRE 1.1 2.5 5.4 9.1 10.5 17.9 15.6 29.6 17.6 1.2 12.3 15.9 10.6 138
1.2 2.6 5.5 5.0 10,3 18.0 18.6 19.5 17.5 1.9.0 13.1 17.4 10.1 145
1.4 2.5 5.2 4.7 20.2 27.6 5.6 19,6 17.7 2.9.9 14.0 19.. 10.6  1LS
dean 2.6 5.4 1.9 10.3 17.86 18.6 19.6 17.6 19.) 13.1 27.6 10.k  1LF
RL 2 2.1 4.7 5.3 12.3 16.8 15.6 6.3 16.6 20.0 15.6 21.2 12.2 11l
B3 2.4°6.1 6.5 12,2 18.4 16.3 14.3 15.2 17.9 - 21.3 11.2 130
TABLE IX Spectral ernergy distribution in defined narrow bands (C)
Percentage
series No. (1) (2) (3) (L) (5) (6) (73 (8) Total
315 325 350 U405 505 600 1350 1800
me 360 385 1120 515 620 710 1750 2200 mw_cm=2
SPR8 1.1 6.3 5.1 11.6 16.9 17.0 15.7 11.2 5.k 132
IRL 2 - 1L.510.7 - - - 1b.9 - 11l
£7B 3 7.0 6.2 15.0 20.6 18,2 13.2 13.3 6.2 130
10, EAN LXTRATLRRAESTRTAL 2ADTATION OF THE SUN {30LAR CDNSTANT)

In Table X are tabulated the percentage energy dls-
trib&tion& spectrally, of the extraterrestrlial sun, according to
Jonnegon and algo to Nicolet. 1The bandwiatn 1s standard at 0.01 i
(i.¢. 10 mu) centercu at the indicated wavelengths.

The 1limits employed to designate ultra-viclet, visible
ana infra-rec raaiation, in the summeary at ths foot of the table,

were selectew by consaltatlion of tae zppropriate curve lor pho-

[t

topic vision standardized by the International Cormisslon lor

illumination.
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CARLE X MEAN EXTRATHERRESTRIAL RADTIATION OF T SUN (SOLAR CONSTANT)

Percentage in spectral regions.(AA=0.01 yt) according Lo Johnson [I)¥

and Nicolet (N)¥¥

by J N  Mean A(p) J N  Mean A(u} T N aan W(&) J ¥ Mean

22 0.02 0.01 0.02]0.4h 2.45 2.38 L.42}0.66 1.1l 2.29 .17 11.80 0.1 0.12 0.11
23 o4 03 03} k5 58 52 55, 67 1L 16 12,90 09 L0 1O
2, o4 03 o4} L6 585 56 56 63 08 13 1123,00 08 08 08
25 05 o4 05} L7 56 57 56, 59 06 1L o@% wooer 07 07
26909 10 09| 48 55 57 56| 70 03 07 05| 20 05 06 06
27 18 12- 15) 49 L3 46 L3y 71 .01 05 03| 30 05 05 .05
28 17 11. 1y S0 L2 50 46! 720.98 022.00] Lo oh O4 O
29 37 26 32| 51 41 50 L6| 73 961.00¢C.98/ 50 oL 03 04
30 4y 30 37| 52 34 uo 380 74 93 C.96 95 6C 03 3 03
31 54 45 49| 53 40 L6 L3} 75 1 9k 92 70 03 03 03
32 61 52 57 54 L2 L6 Liyf 80 &1 83 82, 8 02 02 O02
33 82 64 731 55 LO 39 Lo{ B85 72 75 7312.90 02 02 02
3k 80 63 71| 56 36 45 LO| 90 6 68  66!3.00 02 02 02
35 85 66 750 57 3L L3 3910.95 ‘58 61 60 10 eé 02 02
36 83 68 76/ 58 3, L3 38|1.00 H2 5 54 20 02 02 02
39 95 68 81 59 32 38 350 0 43 01 01
38 88 67 78, 60 200 37 331 20 36

«

U

(V'S -
& F
ST
w
W
O
(>
;..J

26 Lo Q1 01 ol

w)
e’
W
(@]
i
(@
O
]

39 .80 0.72 0.76] 6L 27 33 30| 30 29 01 0L
uo'i.lo 1.12 1.11] 62 25 30 28] 40 24 26 231 6C 0L 01 O1
bl 39 27 33| 63 22 27 24! 50 19 22 'z 7C 01 01 Q1
L2 38 27 321 64, 19 24 _21 60 145 19 17, 80 01 01 01

43 1.28 1.19 1.2L10.65 1.6 L1.2% 1.19: WQZO 0.13 0.5 2,1113.90 0,01 0.21 0.01

) w om m - LA , ~ -
SUMMARY 1 t“S violes (140 AU UiainTa (W0, 35-0.75p) Infra-red (%?Oaf3‘37
T it / LTy, TR 5
% ) 5.6(1\1}7 i’}@i,«;u“i; f!.):.iy'}'i-?i‘MA‘.:-'"“M‘J.(KM\AQ‘\V" ".‘ A»,.‘M’m}. \z, l‘-}f@w (A LO"E I"L}

% J. Meteor., 11, L31, 195k ¢ Archiv, Mebaor., Gaomh,, Biokl., A. 3, 203, 1951
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COC 2 ATSON O CARRCN-ARC SD“CTRQL LMTSSTICH DATA WITH THE SiXirA-

ror tals purpose, tae soler reference adootea Is tnat
arrivea at by tuelkin, sne aversage, in S5U-mi bands, oI the Jonnsen
and the Hicolet extraterrestrial data as sabulatec in Table L.

Wita regaru to the carbon-arc emission data, the aiver-

. i (Y = n = : o B 9
nt sets of values COZJPZ’.;S.LILS serled 4L
:

gence between tne difter

D

(i.e. simulator o?i%) was conslidered to be so slight that the
valuves could be averaged, in each of tne three (filter type) in-
stances - see Tables VII, VIII and IX, which also contain phe re-
spective data for simulators IRL and'ﬁRB,

In the case ot the two sets of narrow band fiiter flg-

=

ures, cach ol the 20 values (expressed as vercentage of the total

emission) was tnen normalized to yiela the proportlonate energy
contained in a standard 50-m! band cantered at the reference wave-
lengtins tabulated in 3ection 4 of this Report. This was elfected
tnrough simple multiplication of ine originally cerilved percentages
by tne ractor 50/total bandwidth in mw. Here, however, lor the

lter banawiath 1t 1s necessary to con-

’.I

value of the appropriate I

siver bane 1ull banapass as celined tihrough tne Limliting wavelengths

75 anu 73 egaern ecgual to zero transmittance. Unhese limits are

scmewnat different ircom tae Iigures given in Section i for the
wavelenstin limits over which the filter factors were computed; in
the latter iustunce, 70 and 7, correspond to wavelengins wnere

tne Iilter transmittance is aboubt 2 »er cent or so sincs extension

of trne point-by-point method of deriving the Iilter factor to
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Zero values of transmittance at 10 and Kl would significantly

cverweisat tae filter factor in favor of tne limiting va-ues ol

tae particular vandpass. The bancwidbas azonted to contain I1l-
ter transmission between 7\O and 7 each equal to zero vrunsmit-
tance are as Ifoc.llowo:

Filter Zandwidath {(m:) Filter Z2andwidth (m)

Bl 9

(@]
'_.

o 75
2 110 70
90

125

[o Al N | (o) NN 2 RN n el U |
e i

[ep Mo L o [ o)

(@] Ul Uy (@] Ul W
[e TN o oW o
Ul [ et

Ul o

(@) (@) o

s
N

=
(@2

10 300
11 800
12 900

The resulis of the carbon-arc:sun corparison, as re-
presentea by the narrow band filter iuvestipation, are given in
" Table XI. witn regard to the carbon-arc data, a column is in-

cluded to represent the mean of the three carbon-arc series.
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SASLe X1 sarrow bana (B oand €) rilter ana sclar dats normalized o
2 LU-m band wictn {1.e. acproxinate wicth ol narrowest
Iilsers uscal conberce at rolerencs wavelenotng
leference wevelength Cerborn arc energy Solar cenergy
kL % of Total ol Yotal
Series 1 2 3 e an
250(53) 7. 1.2 1.3 L.3 1.5
320(3) 2.5 2.2 2.8 2.5 2.9

£ 340(C) (4.2 -
355(C) ) 3.6 3.2
60(3) ) 3.8 4.1
385(C) 6., 6.0
LOO(B) 7.9 9.k

7.6 -

8.1 7.6
Sh5(8) ) 6.9 5.8

(e C
n p“
C
— ~—~
O (o
o
* ?
W W
o
H °
peal

F

b D ~J

c [ e
C C o

w |8 &

o N

° [ ) B

n O AU
V) U™

o~ o

[
\J
A1
o
PJ
]
-
S

155C(C) ) 1.0 1.b

200Gl ) 0.5 = -

)
) 7.9 )
o)

0.9)

0.6 0.6) 0.4
) 0.6 )
0.6 0.6) { ,9

3.8

7.5

O.g

0.4

P P +~ - s -
Foor Iilter - low trarngmission
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TS e g . vy A o [ R [ S W
FLig. £ wWis constructed Dy irst normelizias the nmean

carovon-arc and the solar emission data presentea in Table XI

(tae rigur

[

s 0.9 ana 7.6 per cent, rcspectively, opeling cesignated

+
2

100) and then plott

C
[N
C

nZ tae derived rigures ageinst tone correspon-

G.ng reference wavelenotins., As filter 340C (i.e. Cl) is clearly

& Vvery poor riluer, She rolevant dabu were not Inclucec ILn Mig., 2.
‘ne closeness ol tune two envelopes is rather remarkabls, that of
e vne carbon arc (mean) therelore represensing a good approximation
to tne distriobution, by wavelength, ¢l the extraterrestrial solar
racaiation.
Tne rmutuval consistency of fhe neasurements naie with
the narrow bana and the broaa band filters is demonstratad in
tne table coanteined in rig. 2 and also reproduced below |as
Table XI1).

TABL XTI Comparison between filtered cerbon-arc Gata (narrow band

versus broasd L.omd) nd tne extraverrestrial solar enission

o

O,

Yercontare ol total enission

3

&ilterea carbon arc

P Narrow pand  Broad band mean Sun
270-300 J.5 L Ue D 0.7

( 3
(@)
1
Lo
C
C
=

UL oW L
oo
<
i
A2Y
R r~
.
= n
}._J
:
o
(@}
no
A8}
H
<

21.1

Lo
\n
1
\J
o
O

6.3 17.7 18.0 21.3

-J
o
O

i
C\v
(@}

-3

.3 7.1 7.2 7.7

7
7380-2700 L7.6 18,5 LE.O 03,0
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shiis table tue brosd bana values WEre 0pLainea by sudbiLIraction
“oe Tilier firure lrom another, withn the cxceestlion oI one
LU rt and Lo (00=-2700 it Yisurel wodcedn were qirccetly meas-
. 'ne correspondlan narrow'baﬂd'cuza were aerivea, Irrom
.2, uarcwsn craseical dntepration.  The solar wava arc nuwher-
L intecrations frow Table XK upon wilcn tnt cogshed curve o

ror the sake of conusistency,

T~

Ytotal emission®

e e

wGl'incd as tae oacry centelnsd tetween the waveiingbn Linlls
and 2700 v, tae latter being representative, essentially, of

Lxtenslion ol tihe curves of 2

c2U ana Luuy b, wita toc 2ia ol Ui aata
ny extra.olation ol tne curves tasmselve

.J_X.J.Ofl.f,l lJ_\)L‘.

Distriontion o cneips 1 Lng

ol tne broad vana control Iilters

0¢ 1, =3 & and

to wavelenptia limits

ea irn oonle X

-

caLn

the 1Tollow-

speetral re-

Lae caroon are simulators

L Os

W.tn tne

crochrliol suan
Percentage ol total (220-4000 mu)

Loecural ropion Carbon arc sun

Ulvra-viciet (360 ) 5.¢ Ol

lsible [ 150-750 mu 43.0 Lo, 8

aire-res (> 750 51.1 bo.8

¥ ror o exvlanatlon ci the assipnrient ¢ tiese waveienstn intervals

rolerencs sSNCulc be made o
EoLnvenner 103
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